The postprandial chylomicron (CM) triacylglycerol (TG) response to dietary fat, which is positively associated with atherosclerosis and cardiovascular disease risk, displays a high interindividual variability. This is assumed to be due, at least partly, to polymorphisms in genes involved in lipid metabolism. Existing studies have focused on single nucleotide polymorphisms (SNPs), resulting in only a low explained variability.
last few years, genome-wide association studies have allowed the identification of numerous single nucleotide polymorphisms (SNPs) linked with the observed variability in fasting TG concentration (4, 5) . However, humans spend most of their daytime in the postprandial state, and studies have suggested that the nonfasting TG concentration may be a better predictor of cardiovascular disease risk than the fasting TG concentration (6, 7) . The postprandial plasma TG response to dietary fat displays a high interindividual variability (8) . Several factors have been implicated, eg, the amount of fat in the meal, the presence of dietary fibers, and the presence of dietary carbohydrates (9) . Nevertheless, most of this variability is thought to be due to genetic factors. Although some SNPs involved in this response have been identified (for review, see Refs. 9 -11) , the explained variability remains low, because existing studies have focused on single SNPs. Yet, this response is a complex phenotype, which is likely to involve numerous genes implicated in TG absorption, chylomicron (CM) secretion, CM clearance, and other processes, and we hence assume that a significant part of its variability is explained by the additive effect of several genotypes which, taken individually, may have a small, barely significant effect. Our aim was thus to identify a combination of SNPs significantly associated with the variability in the postprandial CM TG response.
Participants and Methods

Subject characteristics
A total of 42 healthy, nonobese, nonsmoker male subjects were recruited. Subjects presented normal, ie, ϳ2500 kcal/d, energy consumption. They either drank no alcohol or Ͻ2% alcohol as total energy. They had no history of chronic disease, hyperlipemia, or hyperglycemia. They were not taking any medication known to affect lipid metabolism. The study was approved by the regional committee on human experimentation (No. 2008-A01354 -51, Comité de Protection des Personnes Sud Méditerranée I). All subjects provided written informed consent before the study.
Postprandial fat tolerance tests
The clinical research study consisted of 4 test meals separated by a washout period of 2 weeks minimum. The day before each test meal, subjects were asked to have their dinner between 7:00 and 8:00 PM, without any alcohol intake, and then not to eat or drink anything other than water until the experiment. After the overnight fast, subjects had to consume the test meal within 30 minutes at the Center for Clinical Investigation (la Conception Hospital, Marseille, France). The meals consisted of peanut oil (50 g), semolina (70 g) cooked in 200 mL of hot water, white bread (40 g), egg whites (60 g), and mineral water (330 mL). No other food was allowed over the following 8 hours, but the subjects were allowed to drink mineral water (330 mL maximum). Blood samples were drawn into EDTA tubes, first before meal ingestion and then 2, 3, 4, 5, 6, and 8 hours after ingestion. The tubes were placed into an ice-water bath until CM isolation.
Chylomicron preparation and triacylglycerol concentration determination
Plasma was isolated by centrifugation within 2 hours after collection. Then 6 mL of plasma was overlaid with 0.9% NaCl solution (4.5 mL) and centrifuged for 28 minutes at 130 000 g and 10°C in a SW41 Ti rotor (Beckman Coulter). The upper phase, containing mainly CMs and large CM remnants, was collected. Immediately after recovery, CMs were stored at Ϫ80°C before TG determination with a commercial kit (bioMérieux).
DNA preparation and genotyping methods
An average of 25 g of DNA was isolated from saliva samples using an Oragene kit (DNA Genotek). All genotyping procedures were carried out by Integragen. Then 200 ng of DNA was hybridized overnight to HumanOmniExpress BeadChips (Illumina), allowing the analysis of approximately 7.33 ϫ 10 5 SNPs. The BeadChips were stained and scanned on an iScan system (Illumina). Detailed methods are provided in the Infinium HD Assay Ultra Protocol Guide (Illumina).
Choice of candidate SNPs
A literature search for genes whose SNPs have been shown to be associated with fasting or postprandial triglyceridemia (PubMed; December 2012) and analysis of metabolic pathways involved in postprandial blood TG levels resulted in the selection of 126 candidate genes (Supplemental Table 1 published on The Endocrine Society's Journals Online web site at http://jcem.endojournals.org), representing 7172 SNPs on the arrays. After genotyping of the 42 subjects, SNPs whose genotype call rate was Ͻ95% or SNPs presenting a significant departure from Hardy-Weinberg equilibrium (P Ͻ .05 following the 2 test) were excluded from the multivariate analysis (947 SNPs were excluded, leaving 6225 SNPs).
Calculations
The trapezoidal rule was used to calculate the total area under the curve (AUC) of the postprandial plasma CM TG concentration (0 -8 hours).
Statistics: subjects included and procedure to perform the multivariate analysis
Subjects who completed fewer than 3 of the 4 test meals, which were required to obtain a mean response representative of each subject to limit the effect of the intraindividual variability (8, 12, 13) , were not included in the analysis. In total, 9 subjects were thus excluded, and the characteristics of the 33 subjects left are reported in Supplemental Table 2 . A general genetic model was assumed. Because of the large number of SNPs compared with the low number of subjects and multicollinearity between SNPs, partial least squares (PLS) regression, the multivariate regression extension of principal component analysis (14) , was applied to identify among the 6225 SNPs those that were predictive of the postprandial CM TG response according to their variable importance in the projection (VIP) value using Simca-P12 software (Umetrics). Different PLS regression models were built using increasing VIP threshold values. The model minimiz-ing the average relative prediction error, defined for each subject as the absolute difference between the predicted and the measured AUC of the postprandial plasma CM TG concentration relative to the measured AUC of the postprandial plasma CM TG concentration, with a minimum number of SNPs, was selected. Additional validation procedures (15, 16) can be found in the Supplemental Methods.
Statistics: univariate analyses
In a second approach, we performed univariate statistical analyses to compare the postprandial CM TG response between groups of subjects who bore different genotypes at the SNPs selected in the PLS regression model. Differences obtained in the different genotype groups were analyzed by the Student t test with the Benjamini-Hochberg correction, using QVALUE software (17) . For all tests, a false discovery rate q Ͻ .05 was considered significant.
Results
Averaged AUCs of the postprandial plasma CM TG concentration after the 3 to 4 standardized fat tolerance test meals for each of the 33 subjects are shown in Supplemental Figure 1 . The coefficients of inter-and intraindividual variations were 49% and 36%, respectively. The response of the subjects to the different fat tolerance test meals was similar (P ϭ .835; repeated-measures ANOVA) (Supplemental Figure 2) . The correlation between the fasting plasma TG concentration and the averaged AUC of the postprandial plasma CM TG concentration was relatively low (Pearson r ϭ 0.398; P ϭ .02) (Supplemental Figure 3) .
We then used PLS regression to examine whether the 6225 selected SNPs (used as qualitative X variables) could explain a significant part of the variability in the CM TG response. As shown in Supplemental Table 3 , the model including all SNPs showed a high goodness of fit (explained variance: R 2 ϭ 0.93) but was not predictive (predicted variance: Q 2 ϭ Ϫ0.10). Therefore, to improve the model and find a combination of SNPs more predictive of the CM TG response, we filtered out SNPs that made no important contribution; ie, those that displayed the lowest VIP values. With application of several VIP value thresholds, the best model obtained included 42 SNPs (not in linkage disequilibrium) in or near 23 genes (Table 1) and explained 88% of the variance, with a predicted variance Q 2 of 82%. With this combination of SNPs, the model predicted a subject's postprandial CM TG response with a 14.3% relative prediction error (Figure 1) . It was additionally validated by cross-validation ANOVA (P ϭ 1.3ϫ10 Ϫ7 ) (Supplemental Table 3 ).
Using univariate statistics, we confirmed that, for 39 of the 42 SNPs, subjects bearing different genotypes exhibited a significantly different postprandial CM TG response (q Ͻ .05) (Table 1) .
Finally, knowing a subject's genotype at the 42 SNPs, it is possible to predict his responder phenotype (RP), ie, his postprandial CM TG response, with good accuracy (R 2 ϭ 0.88, P Ͻ .001) (Figure 1 where a is a constant, r i is the regression coefficient of the ith SNP included in the PLS regression model and genotype.(SNP i ) is a Boolean variable indicating the subject's genotype at the ith SNP. A list of the regression coefficients calculated by SIMCA can be found in Supplemental Table 4 .
Discussion
CMs transport newly absorbed TGs and constitute the predominant TG-rich lipoprotein fraction in the postprandial period. Because of their implication in the etiology of cardiovascular diseases (18) , TGs represent a potential clinical target and it is hence important to identify genes and genetic polymorphisms that are involved in the postprandial CM TG response to dietary fat. Almost all studies investigating the genetic determinants of postprandial lipemia have focused on single candidate SNPs and could consequently explain only a low part of the interindividual variance (typically Ͻ1%). Here, we examined the association of Ͼ6000 SNPs using PLS regression, a tool recently applied to SNP-based predictions (19, 20) . The results of the PLS regression, whose validity was checked by several tests (see Supplemental Methods), showed that most of the variability (R 2 ) could be assigned to 42 SNPs in or near 23 genes. In addition, univariate analysis showed that 39 of these SNPs were significantly associated with the CM TG response. Fourteen of the 23 genes whose SNPs were included in the selected PLS re-gression model are reported here for the first time as being significantly associated with the postprandial TG response (BET1, CD36, COBLL1, ELOVL5, FRMD5, GPAM, IN-SIG2, IRS1, LDLR, LYPLAL1, NAT2, PARK2, SLC27A5, and ZNF664).
To conclude, in this population of healthy male adults, most of the interindividual variability in the postprandial CM TG response to dietary fat could be explained by a combination of 42 SNPs in 23 genes. This association needs to be tested in other populations and ethnic groups. It is indeed likely that other genes, which were not included in the model because they were not candidates according to the current knowledge on this topic, as well as epigenetic factors, are involved in the postprandial CM TG response. Their identification will contribute to improve the quality of this association, with the ultimate objective to provide clinicians with an accurate and validated genetic tool to predict the postprandial CM TG response, without performing several (at least 3) expensive fat tolerance test meals. 
